This research analyzed sediment contamination concentrations for mercury and lead in Lakes Ontario and Erie using a GIS-based kriging approach. Environment Canada provided sediment survey data for Lake Ontario (1968 and 1998) and Lake Erie (1971 and 1997/98). Collation and mapping of point measurement data without the application of interpolation methods does not allow for spatial data trends to be fully analyzed. The kriging technique enables the creation of interpolated prediction surfaces, with the advantage that the results can be statistically validated. Although data normality is not required, the kriging results for the historical datasets suggest that it may be desirable, as statistical validity was reduced due to some individual stations having very high contaminant concentrations. Three of the four models developed for the 1997/98 data were statistically valid. For both lakes, the more recent data reveal reduced concentrations of mercury and lead, and there has been an overall reduction in contamination levels. However, sediments in some areas still exceeded Canadian sediment quality guidelines. The areas of greatest sediment contamination in Lake Ontario were within the major depositional basins, presumably as a result of historical industrial activities in watersheds along the southern and western shoreline including the Niagara River. In Lake Erie, areas of greatest sediment contamination continue to be located in the western and south central portions of the lake in proximity to the Detroit River and major urban/industrial centres.
Introduction
Approximately 18% of the world's supply of fresh water (23,000 km 3 ) is contained in the Great Lakes. Until the 19 th century, the lakes were only modestly affected by human activities, however European settlers began clearing forested land to be used for agriculture. This left many waterways filled with debris and without any protective shading (U.S. Environmental Protection Agency 1995). Further urbanization and industrialization in the Great Lakes basin brought a new host of problems. Many industries located on major waterways to ease the transportation of their goods to market. Industries such as steel and pulp and paper discharged untreated effluent directly into waterways. In addition, urban areas discharged untreated municipal wastes into the lakes (U.S. Environmental Protection Agency 1995) .
Along with industrialization came the development of new chemicals that could be used in manufacturing and for agricultural purposes to control pests and as fertilizers. The first of these was PCBs in the 1920s, which were used until it was learned that the substance was affecting wildlife, causing eggshell thinning, tumours and other deformities (Canadian Council of Resource and Environment Ministers 1986) . Runoff from these pollutants as well as many other toxic substances such as metals has had many negative effects on the ecosystem. While the use of some chemicals has been phased out, they can still be found in the environment due to their persistence and natural processes such as the re-suspension of sediment. Their presence, even in minute concentrations, can have negative consequences for the environment, and can result in bioaccumulation through the food chain (Jakubek and Forsythe, In press) .
In 1972, the Canadian and United States governments agreed that water quality should be improved in the Great Lakes, and future pollution input levels were to be decreased (Zarull et al. 1999) . The Great Lakes Water Quality Agreement was renewed in 1987 in order to ban and control contaminants entering the Great Lakes and restore the health of the Great Lakes ecosystem (Lake Ontario Lakewide Management Plan 1998). Among the recommendations in the agreement was the creation of a Lakewide Management Plan (LMP) for each lake, adopting an ecosystem approach to address environmental issues (Lake Erie Lakewide Management Plan Update 2002).
Lake Ontario Ecosystem Issues
Lake Ontario is vulnerable to human activities that occur or have occurred throughout Lake Superior, Michigan, Huron and Erie basins, given its location at the bottom end of the Great Lakes system (Jakubek and Forsythe, In press ). The Lake Ontario ecosystem has experienced negative changes as a result of toxic pollution originating from widespread development in the Great Lakes region. Major industrial and urban centres including Hamilton, Toronto, Oshawa and Kingston are situated on its Canadian shoreline to the north. The cities of Rochester and Oswego are located on its American shore in the state of New York to the south. These large cities, combined with dredging practices in the upstream tributaries such as the Niagara River, have been major contributors to poor sediment and water quality in Lake Ontario (U.S. Environmental Protection Agency 1995).
Lake Erie Ecosystem Issues
In the last several decades, the Lake Erie ecosystem has been affected by a variety of persistent, anthropogenically introduced pollutants. Concern over the pollution of the Great Lakes arose in the 1950s when Lake Erie experienced severe eutrophication resulting from excessive inputs of nutrients and phosphorus (Lake Erie Lakewide Management Plan 2000). After extensive reductions of phosphorus and nutrients, primarily resulting from implementation of the Great Lakes Water Quality Agreement, the lake was eventually revived. Current problems are more interrelated, and the decision-making process has consequently become more complex (Jones and Taylor 1999) . Among the issues currently facing Lake Erie is that of contaminated sediment, which the U.S. Environmental Protection Agency has determined to be the largest source of contaminants to the Great Lakes food chain (Zarull et al. 1999) . Lake Erie continues to experience contamination due to sustained loadings from anthropogenic activities and the resuspension of contaminated sediment.
Sediment Contamination Guidelines
The Canadian government has developed sediment quality guidelines for the protection of aquatic ecosystems. These guidelines can be used as screening tools for the assessment of potential risk as a result of chemical contaminants, and for determination of the relative priority of sediment quality concerns. The threshold effect level (TEL) refers to the concentration below which adverse biological effects are expected to occur rarely, while the probable effect level (PEL) defines the level above which adverse effects are expected to occur frequently (Canadian Council of Ministers of the Environment 1999).
These guidelines have been published for a broad range of contaminant classes including heavy metals, organochlorine pesticides, polychlorinated biphenyls (PCBs) and polycyclic aromatic hydrocarbons (PAHs). The guidelines for mercury and lead are outlined in Table 1 . The analyses in this research are limited to mercury and lead as the older concentration data for additional contaminants are presently being verified. For the purposes of this paper, the PEL guidelines were selected as being representative of sediment contamination arising from significant anthropogenic influences (Marvin et al. 2004a ).
Sediment Distribution
An understanding of the sedimentology of the Great Lakes is fundamental to the investigation of contaminant distribution and fate. For the purposes of discussing trends in sediment contamination as they relate to sediment distribution and sediment processes, adoption of the convention for sediment characterization described by Thomas et al. (1972) for Lake Ontario and by Thomas et al. (1976) for Lake Erie is necessary. Sediments in both lakes are classified either as non-depositional, consisting of bedrock, glacial tills and glaciolacustrine clays, or depositional, which are comprised of fine-grained material including silts and clays that accumulate in deep water areas. Lake Ontario is divided into three major depositional areas (Fig. 1) ; the Niagara basin is separated from the Mississauga basin by the Whitby-Olcott Sill, and the Scotch-Bonnet Sill separates the Mississauga basin from the Rochester basin. Outflow from the lake into the St. Lawrence River is characterized by minimal sediment transport from the main body of the lake due to the presence of a major topographical barrier, the Duck-Galloo Sill, which separates the Rochester and Kingston basins (Thomas et al. 1972 ). Lake Erie is also divided into three basins (Fig. 2) ; the Pelee-Lorraine Sill separates the western basin from the central basin, and the central basin is separated from the eastern basin by the Long Point-Erie Sill.
Kriging
The interpretation and mapping of point measurements without the application of interpolation methods does not allow for spatial data trends to be fully analyzed. The application of geostatistical approaches for spatial interpolation does however have a long tradition within hydrology and related disciplines (Tveito 2002) . More recently, these methods have been applied in combination with or directly within geographic information systems (GIS). The kriging analyses in this research were performed with the Geostatistical Analyst extension of ArcGIS. Many techniques are available; however the kriging method has an advantage over other methods such as inverse distance weighting (IDW) in that the prediction results can be validated. Davis (1973) states that the major advantage of kriging is that it provides a measure of the probable error associated with the estimates. The methodology can also be applied in 3-D applications as outlined by Ouyang et al. (2003) . The South-African mining geologist D.G. Krige led the initial development of the kriging technique (Bailey and Gatrell 1995) . Kriging methods utilize statistical models that incorporate autocorrelation among a group of measured points to create prediction surfaces (Johnston et al. 2001) . When using kriging the assumptions of stationarity and unbiasedness should be fulfilled. This is hardly the case of observed phenomena in nature (Tveito 2002) , however model parameters can be modified in order to account for some of these issues.
Ordinary kriging is the most flexible kriging model because it functions under the assumption that the mean u is an unknown constant, and thus, the random errors at the data locations are unknown (Johnston et al. 2001 ). Isaaks and Srivastava (1989) state that if the pattern of spatial continuity of the data can be described visually using a variogram model, it is difficult to improve on the estimates that can be derived in the kriging process. Given the statistical properties of this method, measures of certainty or accuracy of the predictions can be produced using a cross-validation process (Jakubek and Forsythe, In press ). For all points, cross validation sequentially omits a point, predicts its value using the rest of the data, and then compares the measured and predicted values. The calculated statistics serve as diagnostics that indicate whether the model is reasonable for map production (Johnston et al. 2001) . 
Mercury
Mercury is classified as a critical pollutant by the Lake Ontario and Lake Erie Lakewide Management Plans (Lake Ontario Lakewide Management Plan 1998; Lake Erie Lakewide Management Plan 2000). Mercury is a naturally occurring metal that can be introduced to the environment through the weathering of rock and soil (Rheaume et al. 2000) . Mercury concentrations in Lake Erie are now well in excess of those from natural sources; mercury accumulation rates have increased from 3 ng/cm 2 /year in pre-industrial times to 175 ng/cm 2 /year (Pirrone et al. 1998) . Although the mining of mercury has been in decline over the last two decades, and there are no mines currently operational in Canada (EC 2002) , mercury is still commonly used in batteries, medical and dental products, the electrical industry, and thermometers (Jakubek and Forsythe, In press).
The industries responsible for 80% of the mercury emissions in Canada are base metal smelting, coal power generation, hazardous and biomedical wastes, municipal solid waste, and sewage sludge incineration (Canadian Pirrone et al. (1998) that mercury emissions from waste incineration have been increasing, and now account for up to 40% of current anthropogenic emissions to the atmosphere in North America, followed closely by the burning of fossil fuels. Pirrone et al. (1998) also concluded that local sources of atmospheric mercury emissions are the principal contributors of atmospheric mercury deposition to Lake Erie. The U.S. EPA (1997) estimates that point sources contribute 97.8% of the total emissions inventory in the United States.
Council of Ministers of the Environment 2003). The use of mercury in paints has been reduced by new restrictions implemented in 1990 (Environment Canada 2002). It is estimated by
Although concentrations in sediments have declined significantly since the late 1960s and early 1970s, mercury continues to be a prevalent contaminant across the entire Great Lakes basin, with the highest levels in the western basin of Lake Erie and the three major basins of Lake Ontario (Marvin et al., In press ). Mercury contamination in sediments of Lakes Erie and Ontario is primarily related to historical sources, including chloralkali production in the Detroit, St. Clair and Niagara Rivers (Marvin et al., In press ). However, atmospheric deposition is now the predominant source of mercury (Pirrone et al. 1998 ) and, as a result, further declines in sediment contamination are expected.
Lead
Lead is among the most common elements found naturally in the environment, and is well known to be readily adsorbed in sediments. It can be found in rocks, soil, water, air and biota (Rickard and Nriagu 1978) . The main source of lead to the environment is believed to be atmospheric fallout (Nriagu 1978) . However, due to the proximity of Lake Ontario and Lake Erie to industrial and agricultural areas, it is likely that point sources and runoff are also significant sources. Lead has been historically used as an additive in gasoline and in paints. Lead absorbed by aquatic biota has a variety of effects, including increased mortality, reproductive impairment and neural damage (Jaworski 1978) .
Lead emissions have been decreasing since the 1980s, when the use of leaded gasoline was discontinued and replaced with unleaded gasoline in Canada and the U.S. Until this time, leaded gasoline was the primary source of lead to the environment. Calculations from 1993 on lead emissions to the atmosphere in the Great Lakes indicate that the main source is non-ferrous metal production (34%), followed by steel manufacturing and waste disposal (27% and 25%, respectively), and coal combustion (10%) (Pirrone and Keeler 1996) .
Like mercury, lead is routinely detected in sediments of the Great Lakes as a result of its historically heavy use, primarily as an additive in gasoline. As with mercury, the spatial distribution of lead in Lake Erie shows the highest concentrations in the western basin and in the southern area of the central basin (Painter et al. 2001) , while the distribution in Lake Ontario is more consistent across the depositional basins (Marvin et al. 2003b ).
Study Area and Data
Lake Ontario is located at the lower end of the Great Lakes basin. It is the smallest of the lakes with an area of approximately of 19,010 square kilometres (The Great Lakes Forecasting System 2002). The drainage basin covers portions of the Canadian Province of Ontario and the American State of New York. The average depth is 86 metres and the water retention time is 6 years. It is fed primarily by the waters of Lake Erie through the Niagara River. The average inflow is approximately 7000 m 3 /s (Atkinson et al. 1994) , which amounts to nearly 80% of the total inflow (Blair and Atkinson 1993 ). An additional 14% is provided by other Lake Ontario basin tributaries, with precipitation providing approximately 6% of the water body's total volume (Lake Ontario Lakewide Management Plan 1998). The major outlet is the St. Lawrence River to the northeast, which accounts for 93% of outflow. The remaining 7% is lost through evaporation (Lake Ontario Lakewide Management Plan 1998). The outflow discharge rate into the St. Lawrence River averages 7400 m 3 /s (Rukavina et al. 1990 ). Lake Erie is the southernmost Great Lake, lying between Lakes Huron and Ontario. The drainage basin encompasses parts of the American States of Michigan, Ohio, Pennsylvania, New York and Indiana, and the Canadian Province of Ontario. By volume, it is the smallest of the Great Lakes, at 484 km 3 , which can be attributed to a shallow average depth of 19 m, and a small surface area of approximately 25,700 km 2 . Lake Erie has a water retention time of 2.6 years, the shortest of all the Great Lakes (U.S. Environmental Protection Agency 1995). The primary source of inflow to Lake Erie is from Lake Huron and Lake St. Clair via the Detroit River, with a flow averaging 5600 m 3 /s (Metcalfe et al. 1997 ). This represents 80% of Lake Erie's total inflow. An additional 11% comes from precipitation, while the remainder can be accounted for by ten major tributaries and smaller streams, found mainly along the American shore, including the Cuyahoga, Ashtabula, Maumee and Black rivers. The main outflow is to Lake Ontario via the Niagara River and the Welland Canal, discharging at a combined average rate of 5730 m 3 /s (Herdendorf 1992 ).
Data
Sediment contamination data for mercury and lead were obtained from the Environment Canada, Canada Centre for Inland Waters (CCIW) in Burlington, Ontario. Sediments were collected at 257 stations in 1968 (Fig. 3) , and 71 stations were resampled in 1998 (Fig. 4) for Lake Ontario. For Lake Erie, sediments were collected at 265 stations in 1971 (Fig. 5) , and 62 stations were resampled in 1997/98 (Fig. 6 ). Some specific sites were sampled in 1998 in order to assess certain Lake Ontario Areas of Concern (AOCs) including Hamilton Harbour and the mouth of the Niagara River (Jakubek and Forsythe, In press). The sediment samples were collected using a mini-box core sampling procedure. The top 3 cm of the sediment were sub-sampled from the core for analyses that included contaminants and metals (Painter et al. 2001; Marvin et al. 2003b) . Results of the 1968 Lake Ontario and 1971 Lake Erie studies are reported in Kemp and Thomas (1976) , while results of the 1998 Lake Ontario and 1997/98 Lake Erie surveys are reported in Marvin et al. (2003b) and Painter et al. (2001) , respectively. The recent Lake Erie and Lake Ontario surveys were based on reduced subsets of stations sampled in the historical studies. The 1997/98 surveys specifically targeted fine-grained offshore sediments in primarily depositional areas, as opposed to the 1968 and 1971 surveys, which were based on lakewide grids.
Analysis and Results
Knowledge of lake currents, bathymetry and inflows together with the location of major urban and industrial areas is important for providing explanations of the patterns of sediment contamination. The majority of water circulation in Lake Ontario (Fig. 7) occurs in a counterclockwise direction with a small clockwise gyre in the northwestern part of the lake (Beletsky et al. 1999) . The annual circulation pattern in Lake Erie (Fig. 8 ) is characterized by eastward flowing currents along the northern Fig. 3 . Sediment sampling locations and major cities for Lake Ontario 1968. late values (predict values outside the default bounding box), however, without data locations to validate the predictions it was decided not to perform this function. The cross-validation procedure provides measures of accuracy for the predictions made using the ordinary kriging method. The measures produced include the mean prediction error (MPE), root mean square prediction error (RMSPE), average standard error (ASE), and standardized root-mean-squared prediction error (SRMSPE). Values calculated for these measures are documented for Lake Ontario in Table 6 and Lake Erie in Table 7 .
For a model that provides accurate predictions, the MPE should be close to 0, the RMSPE and ASE should be as small as possible (this is useful when comparing models), and the SRMSPE should be close to 1. If the ASE is greater than the RMSPE, then the variability of the predictions is overestimated; if the ASE is less than the RMSPE, underestimation of the variability of the predictions is the result. If the SRMSPE is greater than 1, there is an underestimation of the variability of the predictions and if the SRMSPE is less than 1, overestimation of the variability is the result (Johnston et al. 2001 ).
Lake Ontario Mercury 1968
The results represented in Fig. 9 indicate that over 50% of Lake Ontario had concentrations of mercury above and southern shorelines with a westward flowing current in the middle of the lake.
Data characteristics can also be valuable in assessing the results of kriging analyses. The number of sites included in each of the analyses in addition to the percentage and number of sites either below the TEL, between the TEL and PEL, and above the PEL are presented in Tables 2 and 3 for Lakes Ontario and Erie, respectively. This provides information related to the distributions of the data and also is indicative of the levels of contamination in the sampling location data.
The minimum, maximum and average values as well as the standard deviation for the mercury and lead sampling locations are presented in Tables 4 and 5 for Lakes Ontario and Erie, respectively. This information is valuable in that it provides an indication of the range of values in the datasets (through the minimum and maximum), which can be compared to the standard deviation which is indicative of the variability among the sampling locations. A large standard deviation is indicative of a high amount of variation in the dataset.
By default, the ArcGIS Geostatistical Analyst interpolates the value of the selected variable at any location that lies within the area defined by the north/south and east/west limits of the sample point data (Johnston et al. 2001) . However, the point data used in these analyses do not entirely cover the lake areas. It is possible to extrapo-the PEL level of 0.486 µg/g. This is in agreement with the point values (see Table 2 ), where 56% of the sampling locations were above the PEL. Higher concentrations were found in proximity to the southern shoreline. This is not surprising when the predominantly eastward moving current in this area is considered and the fact that the deep-water depositional areas run relatively close to the shoreline in contrast to the north shore of the lake where the deep-water isobaths are much farther offshore. Sediments that are transported via the Niagara River are deflected to a large extent in an easterly direction. However, there is reported to be a secondary mechanism by which material emanating from the Niagara River can be channelled in a more westerly direction and ultimately deposited in the western area of the Niagara basin (Pickett and Bermick 1977) . The kriging results are far from optimal. While the RMSPE and ASE values are relatively close at 296.4 and 289.4, respectively, they are very high indicating that the prediction surface cannot be considered statistically valid. This may be in part attributed to the large variance in maximum and minimum values (see Table 4 ) and the non-normal distribution of the data.
Lake Ontario Mercury 1998 Fig. 10 estimates the locations for the highest mercury concentrations in the central deep lake regions of Lake Ontario. The predicted surface produced very reliable cross-validation results, which were relatively unbiased and rendered a low ASE value. The SRMSPE value of 0.947 indicates (when considered across the entire surface of the lake) that the prediction may be slightly overestimated. The two data locations (with high mercury values) in Hamilton Harbour may also unduly skew the results toward elevated concentration levels in the western area of the lake; mass balance studies have shown limited transport of contaminants from the harbour through the ship channel to open areas in western Lake Ontario (Fox et al. 1996) . 
Lake Erie Mercury 1971
The results for Lake Erie (Fig. 11) are similar to Lake Ontario in that large areas of the lake exceed the PEL guidelines. Lake current circulation patterns and bathymetry appear to greatly influence the concentration distribution. In addition, the areas immediately downstream from the Detroit-Windsor corridor exhibit highly elevated concentrations. This area is highly industrialized, with coal power generation, and steel and chemical production predominating (Marvin et al. 2003a ). Additional areas of high concentration appear offshore of Cleveland, Ohio, which is indicative of the high level of industrialization in this area. The results must be interpreted with caution however due to the very high MPE, ASE and SRMSPE values that make the prediction statistically invalid. Part of the reason for these results is the location of one site in the eastern basin of the lake with an extremely high concentration value of 7.488 µg/g (see Table 5 ), which is four times greater than one site directly to the west and more than ten times greater than any of the other sampling locations in the immediate vicinity. Mercury concentration values in this particular region are therefore underestimated to a larger extent than in other parts of the lake. The values from Table 3 also indicate that almost half (48.3%) of the sampling locations were above the PEL value which indicates a non-normal distribution. Lake Erie Mercury 1997/98
The kriging results for Lake Erie (Fig. 12 ) are very good statistically with ASE and SRMSPE values that are very close to the optimum. Areas of elevated contamination continue to be apparent directly downstream from the Detroit-Windsor area. The eastern end of the lake has much lower levels of contamination, compared to 1971, which can be in part attributed to contaminant remediation measures and the relatively short water retention period in the lake. The statistical validity of the result is emphasized with the RMSPE and ASE values which are identical. The SRMSPE value of 1.102 indicates that the prediction surface might be slightly underestimated on a lakewide basis.
Lake Ontario Lead 1968
The lead results (Fig. 13 ) reveal similar patterns to those of mercury in 1968. Again more than half of the lake has contaminated areas that exceed the PEL (91.3 µg/g). The values from 
Lake Ontario Lead 1998
The prediction surface representing lead (Fig. 14) Table 4 ) indicates that there is much variability within the dataset.
Lake Erie Lead 1971
The results (Fig. 15 ) reveal patterns consistent with those of mercury. The prediction surface may be an overestimate as revealed by the SRMSPE value of 0.93. The RMSPE and ASE values are quite similar although they would be improved if values were closer to 20. Highly urbanized and industrialized areas are adjacent to high concentration values, which is indicative of the main sources of the contamination. Lake currents moving eastward along the southern shore also help explain the distribution especially with respect to the predicted contamination levels in the central basin to the northeast of Cleveland, Ohio.
Lake Erie Lead 1997/98
The lead prediction surface for Lake Erie (Fig. 16) has acceptable cross-validation results. Areas of higher concentrations were found in the south-central part of the lake near Cleveland. Surprisingly, the area at the mouth of the Detroit River reveals that lead contamination levels are much improved. Marvin et al. (2004b) and Painter et al. (2001) also observed a marked enhancement of sediment quality for persistent organic pollu- Table 3 ), and it is located within the area above the PEL on the map.
Discussion and Conclusion
Kriging as a predictor does not require that data have a normal distribution. However normality is necessary to obtain valid probability maps for ordinary kriging. If the data are normally distributed, kriging is the best predictor among all unbiased predictors (Johnston et al. 2001) .
The results for mercury in Lake Ontario (1968) and Lake Erie (1971) were not statistically valid. When the data histograms ( Fig. 17 and 18 ) are analyzed, it is quite evident that the results were influenced by the lack of normality in the data. The solution for this problem would be to normalize the data in a manner similar to the log kriging analysis performed by Ouyang et al. (2003) . The earlier model results also could have been adversely affected because the kriging models were developed with the more dispersed 1997/98 data. The same search radii and number of nearest neighbours were used with the older data, however the development of these input parameters may have been improved if the numbers were arrived at through experimentation. Three of the four models developed for the 1997/98 data were statistically valid with only Lake Ontario lead (1998) having a slightly higher ASE value than normally required. The denser grid of the earlier sample data limited the search neighbourhood for the predictions. Additionally, individual sample sites with very high contaminant concentrations in areas with no other high concentration values could have skewed the results.
An examination of the lakewide distribution patterns indicates that contamination levels are lower for the more recent 1997/98 data. Lake Erie has seen marked improvements in terms of overall contaminant loadings and large areas of the lake are now below the TEL. provide a rationale for the lower contaminant concentrations in Lake Erie (especially for lead in the western basin) as US$130 million was spent between 1993 and 2001 on sediment remediation projects in the Detroit River area. In addition, the U.S. Army Corps of Engineers also removed sediments through navigation channel dredging in this area. Lake Ontario has improved, but not to the same degree as Lake Erie. The longer water retention time and greater depth of the lake are certainly factors that can assist in explaining these results. In addition, the lake continues to receive contaminated sediments from upstream sources including Lake Erie. The Lakewide Management Plans, ongoing sediment remediation measures, and continued decreases in atmospheric loadings should lead to improved sediment quality into the future.
Overall, the kriging analyses have led to a greater ability to exploit the lake Ontario and Erie contaminant datasets. Despite the differences in sampling intensities between the historical and most recent sediment surveys, the kriging results allow for some basic conclusions to be drawn regarding primary contaminant sources. In the case of mercury in Lake Erie, the kriging results for 1971 (Fig. 11) indicate that sources associated with major urban and industrial centres around the western basin (e.g., Detroit), and along the southern shoreline in the central and eastern basins (e.g., Cleveland), were primary contributors to loadings. In contrast, the kriging results for mercury for the 1997/98 survey (Fig. 12) show less definitive gradients in these areas, and, coupled with the significant reductions in sediment concentrations over the past three decades, indicate that local sources of mercury are less predominant. The kriging analyses still indicate that the Detroit River is a primary vector for mercury loadings to western Lake Erie, but do not implicate the Detroit area as a source. 
